casein micelles. The composition and chemical properties of this calcium phosphate have been studied for many years. Although the Ca/P ratio is similar to that found in hydroxyapatite, the use of other methods of characterization is desirable, since the various crystalline and amorphous forms of inorganic calcium phosphate tend to vary considerably in composition. The heat of solution should be of use in this respect, since it would be expected to be different for each crystal form. This has now been tested experimentally, by using an LKB model 10700 batch microcalorimeter (LKB instruments Ltd., Croydon CR2 8YD, Surrey, U.K.).
To measure the heats of solution of inorganic calcium phosphates, weighed amounts were placed in the calorimeter cells, and, after thermal equilibrium had been reached, mixed with an excess of IM-HC~O.,. The heat evolved was measured and the results are shown in Table 1 , under the heading -A H (acid). These heats are for reactions of the type:
but have not been corrected for the heat of dilution of the reactants or products. Because of the problem of variable composition (shown by the values for actual Ca/P ratios in Table I ), the heats have been expressed in kJ/mol of Ca. The nature of the solid phases (except for the acid phosphates) was determined by X-ray diffraction. The hydroxyapatite gel was a commercially available sample of gel prepared by the method of Keilin & Hartree (1938) , obtained from BDH Chemicals, Poole, Dorset BH12 4NN, U.K.) and could be unambiguously identified as hydroxyapatite from its X-ray diffraction pattern. The amorphous gel was prepared in a simulated milk salt solution at pH 6.60, containing lmmpyrophosphate to inhibit crystallization (Francis, 1969) . Most of the heats are large and exothermic, and, in one case, agree well with a value given by other workers (Meadowcroft & Richardson, 1963) .
It is not convenient to measure the heat of solution of milk calcium phosphate by mixing with acid; instead, a buffered solution of EDTA was used, to ensure that all components of the final reaction mixture were soluble. A standard pH value of 6.60 was chosen, and all results were corrected to this pH. The heat of solution of a calcium phosphate at any pH may be defined by an equation of the type CaJ(P04)L (s)+ 2pH+(aq.)= 3Caz+(aq.)+ 2H,P04(aq.) although other reactions contribute to the observed heat. These other reactions are the formation of the Ca-EDTA and Mg-EDTA complexes, the uptake by buffers (including casein) of protons released, and the change in physical state of the micellar casein. The effect of other reactions is eliminated by putting a similar volume of ultrafiltrate in the blank cell of the calorimeter; in the instrument used, the observed heat is the difference between the heat liberated in the two cells. The heat associated with changes in the physical state of the casein are not known, but are probably relatively small. The heats of the other reactions have been measured in separate experiments. For example, the heat of formation of the Ca-EDTA complex at pH 6.60 is -1.05 kJ/mol, and the extent of this reaction is known from the composition of the milk. Similarly, the heat of ionization of the buffers present in the reaction mixture was measured in the calorimeter, and the number of protons released were measured by addingunbufferedEDTA to milk and titrating back to the pH of the reaction mixture after mixing in the calorimeter. These measurements allow the observed heat of reaction to be corrected for the heats of formation of the Ca-EDTA and Mg-EDTA complexes and for the heat of uptake of protons by buffer.
Part of the calcium of the casein micelles in milk is bound directly to acidic groups on the casein; also, other anions, such as citrate, are present in the micelle. Accordingly, a series of milk samples were prepared in which the casein micelles were depleted of calcium phosphate to various extents by the method of Pyne & McGann (1960) . These samples were mixed with an excess of buffered EDTA solution and the heats corrected as described above; the results are shown in Fig. 1 , where the corrected heat of solution is plotted against the total (Ca + Mg) concentration. Assuming that casein-bound calcium does not increase at the higher concentrations, the heat of solution of micellar calcium phosphate is found from the slope of the line drawn in Fig. 1 . This slope is 27.3 kJ/mol of Ca or 25.8 kJ/mol of (Ca + Mg). Comparison with the values for AH'(pH 6.60)
in Table 1 suggests that, provided the assumptions involved in this comparison are valid, the micellar inorganic calcium phosphate is not amorphous, but approaches a hydroxyapatite-type structure in its thermochemical properties.
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It is known that the function of metal atoms in some biological systems, for cxample various porphyrin-type systems, almost certainly involves the ability of the metal atom to behave as a Lewis acid, undergoing an increase in co-ordination number by addition of a base. Equilibrium constants have been obtained for some such systems, usually by spectrophotometric methods. The calorimetric titration method, sometimes referred to as 'entropy titration', allows the simultaneous determination of the enthalpy and free energy of reaction in favourable cases; it is thus able to give information on the relative contributions to adduct stability of metal-ligand bond strength, reflected in the enthalpy change, and such entropy-controlled factors as steric effects and varying degrees of solvation.
Most of the systems we have so far studied involve the addition of bases, in nonaqueous solvents such as benzene, to planar four-co-ordinate complexes of copper(I1) or nickel(l1). Despite their obvious remoteness from any known biological systems, both groups of compounds are quite good models, because the addition of base is reversible and occurs with minimal disturbance of the planar metal complexes. 
